. RESULTS: The survey response rate was 152/171 (89%). We identified 4,334 ventilator-assisted individuals: an estimated prevalence of 12.9/100,000 population, with 73% receiving noninvasive ventilation (NIV) and 18% receiving intermittent mandatory ventilation (9% not reported). Services were delivered by 39 institutional providers and 113 community providers. We identified variation in initiation criteria for NIV, with polysomnography demonstrating nocturnal hypoventilation (57%), daytime hypercapnia (38%), and nocturnal hypercapnia (32%) as the most common criteria. Various models of ventilator servicing were reported. Most providers (64%) stated that caregiver competency was a prerequisite for home discharge; however, repeated competency assessment and retraining were offered by only 45%. Important barriers to home transition were: insufficient funding for paid caregivers, equipment, and supplies; a shortage of paid caregivers; and negotiating public funding arrangements. CONCLUSIONS: Ventilatory support in the community appears well-established, with most individuals managed with NIV. Although caregiver competency is a prerequisite to discharge, ongoing assessment and retraining were infrequent. Funding and caregiver availability were important barriers to home transition.
Introduction
Ventilator-assisted individuals living at home are a small yet growing population with unique and variable care needs.
International reports estimate that their prevalence ranges from 6.6 1 to 20.0 2,3 per 100,000 adults and from 4.2 4 to 6.7 5 per 100,000 children under the age of 18 y. All international reports indicate that prevalence continues to rise due to advances in diagnostic and supportive technology, improved health-care delivery, and better understanding of the beneficial effects on quality of life [6] [7] [8] and potential cost savings to health-care systems. 9 Several single-center studies conducted in Canada reported a rising prevalence of ventilator-assisted children. 10, 11 Although a report from the Provincial Respiratory Outreach Program in British Columbia 12 indicated the prevalence to be 9.5/100,000 adults in a single province, no comprehensive national data describe prevalence of such individuals.
There are 2 main categories of patients who receive home mechanical ventilation: 1) elective long-term mechanical ventilation resulting from conditions leading to progressive respiratory failure, such as neuromuscular disease, and 2) emergent long-term mechanical ventilation due to failure to wean from mechanical ventilation after an episode of acute respiratory failure. 13 International reports of home mechanical ventilation indicate regional variation in the primary indication for ventilation. The largest survey of home mechanical ventilation conducted to date (the Eurovent survey) found that the relative proportion of ventilator-assisted individuals with neuromuscular and lung diseases varied substantially across the 16 countries surveyed. 1 Similar variability was reported in a recent survey comparing prescribing patterns in Australia and New Zealand. 14 Moreover, this survey reported lower rates of home mechanical ventilation for individuals with COPD compared with surveys from other countries. 1, 15, 16 Practice variation in home mechanical ventilation prescription may be related to numerous factors, including perceived effectiveness in improving symptoms, quality of life, and mortality; population characteristics; and access to equipment. 14 Due to the highly variable care needs of ventilatorassisted individuals living at home, as well as the risk of caregiver burnout, 17, 18 there is a need to ensure provision of appropriate health-care services, adequate funding for equipment and caregivers, a safe home environment, and client and caregiver education. 19 Barriers that delay transition from the acute care setting to the home increase costs to the health-care system and result in unnecessary stress to ventilator-assisted individuals and their family members. Many of these barriers may be successfully negotiated with a well-devised interprofessional transition plan. 13 Our objective was therefore to generate national data profiling service providers, service users (adult and pediatric), types of services delivered, criteria for initiation and monitoring ventilation, ventilator types and servicing arrangements, education and follow-up, and barriers to home transition. Our CANuVENT Group has conducted similar surveys of long-term care facilities providing care to ventilator-assisted individuals 20 and ICUs providing care to patients considered medically stable and ventilated for Ͼ 21 d. 21 Such data will enable planning and policy development for adult and pediatric health-care resources specific to ventilator-assisted individuals across the care continuum both nationally and provincially.
Methods

Study Design and Sample
Using an exploratory cross-sectional design, we conducted a survey that included service providers delivering care or services to ventilator-assisted individuals requiring daily noninvasive ventilation (NIV) or invasive mechanical ventilation via tracheostomy at home. We defined NIV as bi-level or biphasic mask or daytime mouthpiece ventilation (in the case of full-time support). Providers did not need to supply ventilators or equipment to be included. We excluded providers that delivered care only to individuals 
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Current knowledge
Ventilator-assisted individuals living at home are a small yet growing population with unique care needs. International reports estimate that their prevalence ranges from 6.6 to 20/100,000 adults and from 4.2 to 6.7/100,000 children. There is no comprehensive national database that describes the prevalence of ventilator-assisted individuals in Canada.
What this paper contributes to our knowledge
The estimated prevalence of ventilator-assisted individuals living at home in Canada demonstrates that this is a well-established approach to the long-term management of respiratory failure. Considerable variability in terms of many important care aspects, including when to initiate and how to monitor ventilatory support, provision of caregiver education, and ongoing competency assessment, suggests the need for knowledge translation of recent Canadian guidelines.
requiring CPAP or home oxygen and providers that had not delivered care or services in the preceding 12 months. Potentially eligible providers were identified during the development by our group of a national provider inventory and through referrals from other providers. The national provider inventory was compiled using existing provider databases held by members of our team, web searching, and screening questionnaires to institutions and providers to confirm types of services provided and identify additional providers. We screened all providers by telephone to confirm eligibility, seek agreement for questionnaire completion, and identify a survey champion who agreed to take responsibility for survey completion and return.
Questionnaire Development
Informed by domains and items of the Eurovent survey 1 and the Canadian Thoracic Society home mechanical ventilation guidelines, 13 6 team members representing medicine, nursing, and respiratory therapy iteratively refined domains, items, and response formats for the questionnaire. We programmed the web-based survey using Snap Professional software (Snap Surveys, London, United Kingdom) and then sent it to 8 experts in home mechanical ventilation (national and international) for feedback. We asked these experts to complete an assessment tool rating the survey's comprehensiveness, redundancy, clarity, and face validity and to pilot the survey to determine completion time and the number of health-care team members needed for the requested data. The final survey comprised 7 domains: provider characteristics, including services and education provided; user characteristics (age, ventilation type, primary disorder, duration of ventilation); criteria for initiation and monitoring ventilation effectiveness; equipment (ventilators and interfaces used, ventilator servicing arrangements and backup); training and education (audience, structure, topics, ongoing competency assessment); liaisons and transitions (referral, barriers to transition); and follow-up (structure, frequency, location).
Questionnaire Administration
Survey administration and data collection were managed by an independent survey unit (http://www.stmichaels hospital.com/crich/about/). This unit sent the online questionnaire via a secure web link to self-nominated champions (service directors or managers, physicians, registered nurses or respiratory therapists) from August 2012 to April 2013. Survey champions were directed to request data from other interprofessional team members to facilitate questionnaire completion. We sent weekly telephone and e-mail reminders for 6 weeks, with 2 last-chance reminders in April 2013.
Ethical Considerations
The research ethics boards of the University of Toronto and St Michael's Hospital approved the study. Participation was voluntary, and consent was implied by questionnaire return.
Statistical Analyses
We summarized continuous variables as mean Ϯ SD or median and interquartile range depending on data distribution, and we summarized categorical variables as frequencies and proportions. We compared services provided by institutional and community providers, as well as primary indications for invasive mechanical ventilation and NIV using a chi-square test or the Fisher exact tests depending on individual cell size. To facilitate an estimation of ventilator-assisted individual prevalence, Canadian and provincial population census numbers were obtained from the 2011 report of Statistics Canada. 22 Due to missing responses, denominators varied. Analyses were conducted using SPSS 22 (IBM, Armonk, New York).
Results
We screened 283 providers, of which 112 were ineligible for the following reasons: 79/112 (70.5%) did not provide service to ventilator-assisted individuals living at home, 23/112 (20.5%) had not provided services within the last 12 months, and 10/112 (9%) did not provide direct patient care. We received 152 surveys from all 171 eligible providers, resulting in a survey response rate of 89%.
Service Providers
Of the 152 providers, 113 (74%) were community providers with public (43, 38%), private (20, 18%), or combination funding models (50, 44%). The remaining 39 (26%) were predominately publicly funded institutional providers that delivered services, including education and training, before hospital discharge to ventilator-assisted individuals transitioning to home (Table 1) . Most community providers (66, 60%) delivered only local services. Of the institutional providers, most provided regional (17, 45%) or provincial (15, 40%) services. Approximately half the providers (77, 51%) delivered services to both adult and pediatric populations; 12 (8%) delivered pediatric services only. The average duration of service provision to ventilator-assisted individuals since inception was 15.8 Ϯ 9.6 y. The types of services provided are shown in Table 2 . Institutional providers were more frequently engaged in initiation and follow-up of ventilation, caregiver training, team assessments, case management, adolescent transition, and psychological counseling.
Service Users
We identified 4,334 ventilator-assisted individuals from 133 providers able to report client numbers; 2,423 (56%) were identified by 31 institutional providers, and 1,911 (44%) were identified by 102 community providers (Table 3 ). This provides an estimated prevalence of ventilator-assisted individuals living at home of 12.9/100,000 population, although prevalence varied across provinces. Of the 4,334 ventilator-assisted individuals, 3,181 (73%) were receiving NIV, and 770 (18%) were receiving invasive mechanical ventilation (383 [9%] not reported). Institutional providers delivered services to more clients than those in the community (median 23 vs 5, P Ͻ .001) despite 2 community providers of provincial service delivering services to Ͼ 1,400 ventilator-assisted individuals. Data on age were provided for 1,998 clients: 425 (21%) were Յ 18 y old, 1,077 (54%) were adults between 18 and 65 y of age (of whom 54 [3%] were identified by pediatric providers awaiting transition to adult services), and 496 (25%) were Ͼ 65 y old. Data on primary diagnosis responsible for ventilation were provided for 1,715 adults ( Fig. 1) and 311 children and adolescents (Fig. 2) . Rates of ventilation initiation in the preceding 12 months were reported by 99 providers: 80 individuals were on invasive mechanical ventilation, 748 on part-time NIV, and 77 on full-time NIV (24 h/d).
Criteria for Initiation and Monitoring of NIV
Fifty-nine providers indicated that they routinely initiated NIV. The most common locations for NIV initiation (reported as Ն 50% of the time) were sleep laboratories (37, 63%), ICUs (27, 46%), and in-patient units (21, 36%). Considerable variation in initiation criteria was found. Those used most commonly (Ն 50% of the time) were polysomnography demonstrating nocturnal hypoventilation (30/53, 57% of providers), daytime hypercapnia (20/52, 38%), and nocturnal hypercapnia (16/50, 32%). Conversely, 21/50 (42%) providers stated that they never used nocturnal hypercapnia, 16/52 (31%) never used daytime hypercapnia, and 6/53 (11%) never used polysomnography to guide initiation. Tests of respiratory muscle strength were used least often: only 7 (15%) providers used them Ն 50% of the time, and 21 (44%) never used them. Improvement of symptoms (99/130, 76%), subjective assessment by the patient or caregiver (84/128, 66%), ventilator download data (67/125, 54%), and overnight oximetry (66/126, 52%) were the parameters used by the majority of providers to monitor NIV effectiveness.
Equipment
Types of ventilators and interfaces are shown in Figure 3 . Of the 152 providers, 129 reported data on frequency of ventilator servicing. Only 39 (30%) indicated that ventilators were serviced routinely, with frequency ranging from 2 to 60 months. Other providers indicated that servicing frequency depended on the ventilator type (30, 23%) or hours of usage (19, 15%) or occurred only when requested by the user (27, 21%) or by a member of the health-care team (6, 5%). Eight (6%) providers indicated that ventilators were not serviced. Various models of ventilator servicing arrangements were reported by 136 providers, such as use of external companies, including manufacturers (49, 36%); use of technicians associated with another organization, including provincial services such as the Ventilator Equipment Pool in Ontario or the Provincial Respiratory Outreach Program in British Columbia (46, 34%); and technicians within their own institution (20, 22%). Two (1%) providers indicated that health-care professionals serviced equipment, and 9 (7%) were unaware of servicing arrangements. Of the 78 providers delivering services to clients requiring invasive mechanical ventilation and able to provide data, 53 (68%) indicated that all clients had a backup ventilator, whereas 12 (15%) indicated that none of their clients had a backup ventilator. Of the 82 providers delivering services to clients requiring NIV and able to provide data, only 12 (15%) indicated that all clients had a backup device, and 41 (50%) indicated that none of their clients had backup.
Training and Education
Training for health-care workers within the organization was offered by 87/143 (61%) providers; 41% offered training to health-care workers external to their own organiza- ) tion. Education for patients and their family caregivers was delivered by 142/143 (99%) providers reporting these data. The main topic areas covered are presented in Table 4 . Caregiver demonstration of competence before home discharge was identified as a prerequisite by 84/131 (64%) providers. Of these, 25 (30%) indicated that com- Numbers describing types of ventilation do not sum to total, as some providers were not able to break down service provision according to ventilation type. * No ventilator-assisted individuals living at home were identified in Prince Edward Island, Yukon, Nunavut, and Northwest Territories. † Values indicate the number of sites that provided data on ventilator-assisted individual numbers (N ϭ total number of sites). § Values indicated the prevalence in a population of 100,00 based on 2011 data from Statistics Canada (22) . NIV ϭ noninvasive ventilation petency assessment was performed by another provider, 24 (29%) used return demonstration of skills, 8 (10%) used in-hospital observation during which the family assumed full care, 7 (8%) used formal competency or safety checklists, 6 (7%) used supervision and evaluation in the home, and 3 (4%) used general understanding. Repeated competency assessment and retraining of informal caregivers were offered by 60/133 (45%) providers.
Liaisons and Transition
A variety of strategies were used to facilitate access and awareness to home mechanical ventilation service providers. Most received referrals from specialists, general practitioners, or community support coordination centers, although some received referrals from other health professionals, such as social workers and rehabilitation specialists. Self-referral or friend/family referral also occurred.
The top 3 barriers experienced Ն 50% of the time during home transition for individuals receiving invasive mechanical ventilation were insufficient public funding for paid caregivers (including nurses and personal support workers), a shortage of paid caregivers, and negotiating public funding arrangements. The top 3 barriers experienced Ն 50% of the time during home transition for individuals receiving NIV were insufficient funding (either public or private) for equipment and supplies, insufficient public funding for paid caregivers, and again negotiating public funding arrangements (Fig. 4) .
Follow-Up
Ongoing follow-up was provided by 106 (75%) of the 142 providers reporting these data: 56 (53%) indicated that this occurred only at home, 27 (25%) indicated that this occurred both at home and in out-patient clinics, 19 (18%) indicated that this occurred only in out-patient clinics, and 4 (4%) indicated that this occurred at an alternate venue. Follow-up in the home was conducted via telemedicine and in person by one provider. Frequency of clinic follow-up ranged from 1 month to annually, with the most common response being as indicated by the ventilatorassisted individual's condition (16, 35%) . Frequency of home follow-up was also most commonly based on the ventilator-assisted individual's condition (44, 53%). Procedures or tests carried out during follow-up visits are listed in Table 5 . Primary responsibility for tracheostomy changes varied across providers, including respiratory therapists (53/118, 45%), physicians (32/114, 28%), informal caregivers (28/115, 24%), registered nurses (23/112, 21%), paid caregivers (20/115, 17%), and registered practical nurses (8/104, 8%).
Discussion
This study provided a comprehensive description of service provision for ventilator-assisted individuals living at home, with results that are highly generalizable within the Canadian context, considering the 89% response rate. Key findings include: variation in ventilator-assisted individual prevalence, number of providers across provinces, and number of ventilator-assisted individuals to whom providers delivered services; lack of standardization in the criteria used for initiation and monitoring of NIV; only moderate availability of airway clearance strategies, particularly from community providers; variability in ventilator servicing arrangements and provision of backup Fig. 1 . Indications for ventilation in adults. * Statistically significant P value: amyotrophic lateral sclerosis (ALS), P ϭ .007; muscular dystrophy, spinal cord injury (SCI), central hypoventilation, chest wall, and obesity hypoventilation, P Ͻ .001; COPD, P ϭ .04. IMV ϭ invasive mechanical ventilation; NIV ϭ noninvasive ventilation; other ϭ see text for full description. Fig. 2 . Indications for ventilation in children and adolescents. * Statistically significant P value: various congenital disorders, P ϭ. 001; chest wall, P ϭ .02; obesity hypoventilation, P Ͻ .001. IMV ϭ invasive mechanical ventilation; NIV ϭ noninvasive ventilation; SCI ϭ spinal cord injury; ALS ϭ amyotrophic lateral sclerosis; other ϭ see text for full description.
ventilators; inconsistencies in family caregiver training, competency assessment, and ongoing follow-up; and inadequacy of current funding models.
Provincial variation in numbers and size of service providers reflects differences in models of care delivery and suggests the need for better coordination of services in November 24, 2014) . Note that despite the title of this organization suggesting a Canada-wide program, this comprehensive service is limited to the province of Quebec. We detected substantial variation in criteria used for initiation and monitoring NIV, reasons for which are unclear. Current Canadian Thoracic Society evidence-based recommendations 13 indicate that criteria for NIV initiation differ depending on primary diagnosis. For example, orthopnea and daytime hypercapnia are used for patients with amyotrophic lateral sclerosis, nocturnal hypercapnia for patients with obstructive and central hypoventilation syndrome, daytime hypercapnia or symptomatic nocturnal hypoventilation for patients with Duchenne and other muscular dystrophies, and polysomnography for patients with central and obesity hypoventilation syndromes. 13 However, for the most part, providers initiated NIV for individuals with a range of diagnoses; therefore, variability is likely due to availability of resources such as access to polysomnography and clinician preference. Similarly, airway clearance techniques were not universally available despite evidence-based recommendations for their use in ventilator-assisted individuals with peak cough flows of Ͻ 270 L/min and as a complement to deep suctioning for ventilator-assisted individuals with tracheostomies in the absence of contraindications. 13 In addition, the prevalence of NIV use in amyotrophic lateral sclerosis was less com- pared with invasive ventilation, although this finding needs to be interpreted with caution due to the inability of many providers to report on ventilator-assisted individual diagnosis. These findings suggest the need for active knowledge translation of the Canadian Thoracic Society home mechanical ventilation guidelines to reduce variation and improve outcomes. Variability in equipment maintenance, provision of back-up ventilators, and expectations regarding family caregiver competencies raises potential safety concerns. Similar variability (both inter-country and intra-country) was identified in the Eurovent survey. 24 Issues relating to ventilator equipment failure are not infrequent. In the United Kingdom, Chatwin and colleagues 25 reported on 1,211 ventilator-assisted individuals receiving NIV over a 6-month time frame and found an 8% failure rate per NIV device manufacturer, with higher failure rates in highly ventilator-dependent individuals and older devices. An earlier study of mostly tracheostomized ventilatorassisted individuals reported 189 equipment-associated issues in 150 users over 1 y and found that 43% were due to improper use or care of equipment by caregivers. 26 This finding highlights the need for routine servicing and ongoing education regarding technology for family caregivers.
Inadequacy of public and private funding for caregivers and equipment, difficulties negotiating public funding arrangements, and lack of caregivers were frequently experienced barriers. Home-care services are not included under the Canada Health Act, but are funded primarily though provincial governments, 27 depending on individual need with a predetermined maximum number of hours. 28 In Ontario, for example, Regulation 386/99 under the Home Care and Community Services Act defines the maximum hours provided by community care access centers for nursing (registered nurses and registered practical nurses) and personal support hours as 206 and 120 h, respectively, for a 30-d period. 29 Under the same act, respiratory therapy is considered an additional professional service. However, since their inclusion in 2009, respiratory therapy services have not been utilized formally or systematically across all community care access centers in Ontario. Our study found that insufficient public funding for paid caregivers was the main barrier to home transition, suggesting that these provincially determined maximum hours are insufficient to meet the needs of ventilator-assisted individuals living at home. Conversely, difficulty accessing equipment and disposables was infrequent, which likely reflects efficiencies enabled by centralized provincial programs, such as the Ventilator Equipment Pool, Provincial Respiratory Outreach Program, and National Program for Home Ventilatory Assistance.
Limitations
Ventilator-assisted individual prevalence was likely underestimated in some provinces due to the inability of participants to provide data on ventilator-assisted individual numbers, the potential for failing to identify all eligible providers, and the 11% of eligible providers that did not return the survey. Conversely, we may have double-counted some ventilator-assisted individuals who receive services from a community and institutional provider. Other limitations are respondent and social desirability bias related to self-report surveys and the characterization of primary diagnoses resulting in ventilation that was not validated by the treating physician.
Conclusions
The estimated prevalence of ventilator-assisted individuals living at home in Canada indicates that ventilatory support in the community is a well-established approach to the longer term management of respiratory failure. Considerable variability in terms of many important care aspects, including when to initiate and how to monitor ventilatory support, provision of caregiver education, and ongoing competency assessment, suggests the need for knowledge translation of recent Canadian Thoracic Society guidelines as well as a standardized care strategy offering the ideal working model of best practice for ventilator-assisted individuals. This would enable benchmarking of service providers while recognizing the need for flexibility due to geographic challenges, policy variation, and available resources. This study provides important data required to understand the needs of ventilator-assisted individuals and their family members so that appropriate public resources are provided to maintain quality of life at home. 
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